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BONE SUBSTITUTE

SOURCE OF THE INVENTION

The invention described herein was made in the
course of, or under a contract with the U.S. Atomic
Energy Commission. ‘

BACKGROUND OF THE INVENTION

During the last few years ceramic materials have
been studied for use as bone substitutes in animals in-
cluding human beings. These materials are attractive
for a number of reasons. They are all oxides in their
highest oxidation states, so they cannot oxidize further.

They are essentially insoluble in body liquids, are non-.

toxic, and undergo no immunological reactions.

The physical and mechanical properties of many of
the ceramics are similar, or can be adjusted to, those of
bone, so a bone-ceramic system would be mechanically
compatible. In this respect, metals are about 10 times
stiffer than bone, and this difference in flexibility can
cause irritation and damage to bone where bone and
metal contact. '

A major advantage of ceramic materials is that they
can be made porous and that, if the pore size is large
enough, connective and bone tissue will grow into the
pores and be firmly bonded to the ceramic.

Hence, the goal of a permanent bone substitute,
which is biologically inert, mechanically compatible,
and strongly bonded to the skeleton appears possible
with ceramic prosthetic devices. ‘

One such material which has found some use as a
bone substitute, either alone or in combination with
other ceramics, is porous aluminum oxide. While, as al-
ready noted, this material is inert and mechanically
compatible with natural bone, the porosity which is im-
portant for the purpose of allowing bone and tissue
growth into the porous ceramic to obtain a sound, per-
manent bond, increases the possibility of fatigue failure
over a period of time. Furthermore, when filling of the
pores takes place due to this growth there develops a
difference in the modulus of elasticity between the un-
filled porous region and the filled region with the result
that undesirable concentrations of stress are in-
troduced.

BRIEF DESCRIPTION OF THE INVENTION

The drawbacks and disadvantages of the ceramic
bone substitutes presently being used are largely over-
come in accordance with the principles of this inven-
tion by a porous, substantially pure aluminum oxide
body which is impregnated with methyl methacrylate
free of all additives; and then polymerized by irradia-
tion with gamma rays. Polymer is then removed only
from those regions where bone or tissue growth is to
develop. The first irradiation step, and a final irradia-
tion step, if desired, thoroughly sterilizes the bone sub-
stitute for implantation. Both substantially pure alu-
minum oxide and the monomer have proven to be free
of the rejection mechanism, compatible in medicinal
use,and biologically inert.

A bone substitute for animal including human use,
prepared in accordance with the principles of this in-
vention is suitable for permanent implantation, so that
metallic pins and fasteners are unnecessary. The sub-
stitute is considerably stronger, by a factor of two or
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more, than substitutes which remain largely porous in
situ. Also, by proper choice of pore content and pore
size the properties of the substitute can be designed to
match those of bone quite closely. Because of the
presence of the polymer throughout, fatigue strength is
maintained in the structure. It should also be men-
tioned that a bone substitute prepared according to this
invention can be readily machined into complex shapes
with close tolerances. '

It is thus a principal object of this invention to pro-
vide a bone substitute with improved mechanical
characteristics and greater usefulness.

Other objects and advantages of this invention will
hereinafter become obvious from a description of one
or more preferred embodiments of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

a body of substantially pure (e.g. 99.9 percent) alu-
minum oxide with 30 - 50 percent porosity by volume
with the greater number of pores being in the range of
75 to 150 microns in diameter is impregnated with in-
hibitor free, catalyst free, promoter free, methyl
methacrylate monomer (MMA). The pure MMA,
which is hence free of all additives, is used to avoid any
tissue reactions which may occur from the residues of
the additives, and can only be polymerized by radia-
tion. Pore size which is under the specified range does
not adequately permit bone growth. Excessive pore size
is difficult to produce.

The monomer impregnated body is then subjected to
gamma irradiation from a suitable source such as
cobalt-60. Dosage and length of exposure are sufficient
to polymerize the MMA throughout the body. Gamma
rays are required for this purpose because of its
penetrating characteristics.

The body is then machined into the shape necessary
for its intended use. Under some circumstances, the
body may be shaped exactly to size before impregna-
tion. The areas on the surface where no bone growth or
tissue connection are desired are then masked with a
suitable material such as a medical grade silastic
polymer. The exposed areas are then subject to a suita-
ble solvent such as acetone in an ultrasonic bath, with
the result that polymer in the exposed surface is dis-
solved and removed. The depth obtained is dependent
on the length of exposure, for example, exposure for 15
to 30 minutes results in polymer removal to a depth of
about 200 to 400 microns. Preferably, polymer is
removed to a depth falling into the range of 100 to 400
microns, If the depth of polymer removal is less than
100 microns there is no effective bonding by tissue
growth. Removal in excess of 400 microns does not im-
prove the bonding and leaves some of the bone sub-
stitute unfilled which as already noted is undesirable.

The body is then cleaned, such as by using a deter-
gent, followed by rinsing in distilled water and drying.
Further irradiation by gamma rays insures sterilization
of the bone substitute.

The bone substitute in accordance with this inven-
tion is useful as a bone gap bridge, a skull plate, and in a
system for pinning fractures. In a pinning system, the
ceramic-polymer would be shaped to function as
fasteners and bolts. :

What is claimed is:



